Calls for humanity to 'reconnect to nature' have grown increasingly louder from both scholars and civil society. Yet, there is relatively little coherence about what reconnecting to nature means, why it should happen and how it can be achieved. We present a conceptual framework to organise existing literature and direct future research on human-nature connections. Five types of connections to nature are identified: material, experiential, cognitive, emotional, and philosophical. These various types have been presented as causes, consequences, or treatments of social and environmental problems. From this conceptual base, we discuss how reconnecting people with nature can function as a treatment for the global environmental crisis. Adopting a social-ecological systems perspective, we draw upon the emerging concept of 'leverage points'-places in complex systems to intervene to generate change-and explore examples of how actions to reconnect people with nature can help transform society towards sustainability.
Introduction
Humanity's relationship to the natural world has been a topic of scholarship since ancient times, yet with growing recognition of environmental crises over the past decades, society's disconnection from nature has been proposed as a root cause of unsustainability (e.g., Pyle 1993; Folke et al. 2011; Dorninger et al. 2017) . Recently, calls for society to 'reconnect with nature' have grown louder (Zylstra et al. 2014) , with new research emerging in sustainability science, conservation biology, environmental psychology, and environmental education (Nisbet et al. 2009; Folke et al. 2011; Fischer et al. 2012a; Frantz and Mayer 2014 ). Yet, most calls for 'reconnection' have remained speculative and vague, with relatively few concrete insights regarding the characteristics of a connected society or how to achieve this goal.
The literature is fragmented across disciplinary boundaries, resulting in low coherence in the ways central concepts are understood and applied (Ives et al. 2017 ). For example, there is confusion around the concept of connection to nature and whether a state of disconnection is a response to or a driver of social-ecological change, or both. On this basis, it is timely to assess together the disparate strands of scholarship to scrutinise if pursuing an agenda of reconnecting people with nature is worthwhile, and if so, how this aim ought to be pursued.
In this article, we lay a conceptual platform to better understand human-nature connectedness. First, we argue that human-nature connectedness is a multifaceted concept incorporating (1) material connections such as resource extraction and use; (2) experiential connections such as recreational activities in green environments; (3) cognitive connections such as knowledge, beliefs and attitudes; (4) emotional attachments and affective responses; and (5) philosophical perspectives on humanity's relationship to the natural world. Second, we show that existing literature frames connection to nature as either the cause of some outcome (such as human health or environmentally-responsible behaviour), the consequence of some driver (such as shifting societal values or technological change), or the treatment for social or environmental problems. Finally, having laid this conceptual platform, we outline ways in which people's connections with nature can be strengthened. We argue that stronger connections-in several of the above-mentioned dimensions-have potential to help leverage deep societal change for sustainability (Meadows 1999; see; Abson et al. 2017) . In particular, we discuss the need for 'reconnection strategies' that work to change not only the behaviour of individuals, but also address the systemic structures and paradigms that underpin the actions and behaviours contributing to the current global environmental crisis.
Conceptualising human-nature connections
Many terms related to connections to nature have arisen from various disciplinary schools and normative agendas. One of the earliest concepts is the "biophilia hypothesis" (Wilson 1984) , which asserts that humans have an innate desire to connect with nature. The biophilia paradigm underpins much scholarly and practical work to promote interactions with green environments (Kahn and Kellert 2002) . "Nature deficit disorder" is a related, more recent concept, which sees children's reduced contact with outdoor environments as having negative results for their development (Louv 2005) . Similarly, "extinction of experience" (Pyle 1993; Soga and Gaston 2016) refers to the phenomenon of urbanisation reducing everyday nature experiences, with implications for health, emotions, attitudes, and behaviour.
From a global sustainability perspective, phrases such as "reconnecting to the biosphere" (Folke et al. 2011) , "teleconnections" between local consumption and global land use (Yu et al. 2013) or "telecoupling" of socioeconomic and environmental systems over geographic distance (Liu et al. 2013 ) are used to emphasise the dependence of human society on natural systems and processes. The literature from a social-ecological systems perspective calls for "recoupling social and ecological systems" (Fischer et al. 2012b) to foster sustainability. Other literature has introduced the term "distance from nature". Seppelt and Cumming (2016) suggest that humanity must decrease its distance from the natural world in terms of knowledge of contact with nature while increasing 'distance' in the sense of direct impacts of human activities on ecosystems to maintain the earth's life support system.
Similarly, environmental psychologists have amassed a voluminous literature on the concept of "connectedness to nature", addressing the cognitive and affective domains of individuals' psyches (see Restall and Conrad 2015 for a review). Key literature from this perspective includes Wesley Schultz' (2001) work on the notion of "inclusion of nature in self, Mayer and Frantz's (2004) "Connectedness to Nature Scale", and Nisbet's (2009) work on individual "nature relatedness". These measures typically consider emotional connections, beliefs, and attitudes, and often correlate with other psychological constructs such as value orientations and pro-environmental behaviour (Tam 2013) .
The current diversity of approaches to conceptualising and measuring connections with nature has led to a fragmentation of the literature. This is partly due to the term 'connection' being applied to qualitatively different concepts. In some instances, connection to nature refers to a cognitive appreciation of being embedded within nature, in others to an emotional attachment, while still others focus on material dependence on nature. Although this diversity of meanings is being addressed by psychologists through ever more expansive psychometric scales of nature connectedness (e.g., Nisbet et al. 2009 ), these remain focused on the individual scale and cannot integrate society-scale phenomena of connection or disconnection.
In their recent review, Ives et al. (2017) called for more integrated research on human-nature connectedness. To facilitate this and to clarify why and how to reconnect people with nature, we develop our discussion around the five categories of nature connections Ives et al. (2017) proposed: (1) material, (2) experiential, (3) cognitive, (4) emotional, and (5) philosophical connections (Fig. 1.) . These can be considered to operate along a spectrum from external connections to nature (e.g., physical appropriation or interaction) through to internal connections to nature (e.g., emotions or worldviews). An additional dimension to consider is the scale at which these connections operate and can be analysed: some connections are understood primarily at the individual scale, while others can be readily aggregated to the societal scale. Descriptions of these dimensions of nature connections are provided in Table 1 . Fig. 1 Conceptualisation of different types of human-nature connections, along a spectrum from people's inner to outer worlds (x-axis), and their relevance at different scales of social aggregation (y-axis). While presented as independent categories here in this figure, in reality, each type of human-nature connection may interact with the others These various dimensions of connection to nature do not operate in isolation-in reality, they interact with and are influenced by one another. For example, physical interactions with natural environments (experiential connections) can shape environmental knowledge and positive attitudes towards the environment (cognitive connections) (Collado et al. 2013) . Conversely, people with positive psychological orientations towards nature (emotional and cognitive connections) have been shown to be more likely to visit parks and reserves (experiential connections) (Lin et al. 2014) . Ewert et al. (2005) also found that early-life outdoor activities (experiential connections) were related to environmental beliefs (cognitive connections) in adulthood, and Lumber et al. (2017) showed that direct contact with nature along with emotional engagement and contemplation of meaning are associated with a psychological measure of nature relatedness. Many other interactions are likely to exist, but have yet to be examined in depth.
The concept of human-nature connections as outlined above might be considered a theoretical perspective that integrates different relationships between social and natural systems. Other frameworks have been proposed that derive from different applied or theoretical perspectives (see Muhar et al. 2017 for a synthesis of concepts). One of the most commonly applied concepts in environmental management and sustainability is ecosystem services (Millenium Ecosystem Assessment 2003). While related, we consider ecosystem services to be a separate but complementary framework to connection to nature. First, ecosystem services is commonly understood as anthropocentric in focus, since it emphasises the benefits people derive from nature (Schroeter et al. 2014; Silvertown 2015) . In contrast, connection to nature is not inherently normative, but describes interactions that may be positive, negative, or benign. Second, ecosystem services have its roots in economic thought, as highlighted by the emphasis on quantifying the 'value' of different goods and services that are derived from ecosystems (Silvertown 2015) . Human-nature connection represents a broader approach, as highlighted by the 'philosophical' dimension which explicitly considers different forms of conceptualising human-nature relationships. Therefore, human-nature connection as a concept is likely to be better positioned to describe and address environmental and sustainability challenges across different socio-cultural contexts.
Causes, consequences, and treatments
Literature on connection to nature is fragmented beyond differences in the types of connection and scale of analysis. Research also varies according to whether it emphasises (1) the causes of nature disconnection, (2) the consequences of disconnection, or (3) reconnecting to nature as a treatment for some problem. Soga and Gaston (2016) reviewed the literature on the causes and consequences of experiential connections to nature. Yet, similar work to separate causes, consequences, and treatments will be equally important for other dimensions of nature connection. 
Causes of disconnection from nature
Disconnection from nature is often considered as a symptom of broader-scale societal changes (Pyle 2003; Seppelt and Cumming 2016) . However, the literature varies according to whether immediate or more fundamental causes of disconnection from nature are considered. Claims about the fundamental causes underpinning disconnection from nature are largely speculative, particularly when considered at the societal scale. Some scholars have argued that disconnection is symptomatic of underlying philosophical or functional shifts such as the dominance of materialism and over-consumption (Pyle 2003) . While this may have intuitive appeal, there is little concrete evidence for this assertion. The notion of 'reconnecting to the biosphere' proposed by Folke et al. (2011) also implies a historical separation of people from nature, namely, a cognitive disconnection between people's understanding of the impacts of their activities and biophysical reality. Evidence for such cognitive disconnection is stronger, and can be traced to the increased complexity of global resource systems (see Steffen et al. 2011 ). Other studies have considered more immediate causes of nature disconnection, and are generally more firmly grounded in empirical evidence. Examples of variables contributing to nature disconnection include urbanisation (Cumming et al. 2014) , reduced access to green spaces (Lin et al. 2014) , changing social norms and perceptions (Valentine and McKendrck 1997) , and rise in electronic media (Pergams and Zaradic 2006) .
Consequences of disconnection from nature
Other studies focus on consequences of being disconnected from nature. Research has spanned fields from child development to sustainability and has addressed matters such as health benefits of outdoor experiences, and individual behaviours associated with emotional or cognitive attachments to nature. One widely publicised consequence of connecting to nature is that of learning and development benefits for children (e.g., Taniguchi et al. 2005) . Recent research has pointed to benefits of interactions with natural environments for happiness and general wellbeing (Capaldi et al. 2014) and mental and physical health (Keniger et al. 2013) . Furthermore, other literature has demonstrated links between individual nature connectedness and sustainable behaviours (Geng et al. 2015) . At a broader scale, it is commonly asserted in disciplines such as conservation science, environmental psychology, and sustainability science that humanity's growing disconnection from the natural world is contributing to the global environmental crisis (Nisbet et al. 2009; Zylstra et al. 2014) . Kareiva (2008) argued that an experiential separation from nature, as demonstrated through a decline in visitation rates to national parks, "may well be the world's greatest environmental threat". While it is difficult to prove empirically that such experiential disconnection poses a threat to biodiversity and sustainability, some evidence has emerged that shows experiences of nature are correlated with willingness to donate to conservation causes (Zaradic et al. 2009 ) and that psychological connectedness to nature is positively correlated with vegetation protection behaviours by farmers (Gosling and Williams 2010) .
Reconnecting to nature as a treatment
Finally, studies have considered reconnecting people to nature as a treatment, often focused at the individual scale. For example, nature experiences have been explored as treatments for psychological illness such as depression and anxiety (Townsend 2006) . Proven health benefits of nature interaction have also led to research modeled on medical approaches such as exploring the nature 'dose' necessary to achieve health outcomes (Shanahan et al. 2016) . In education, programs that focus on nature experiences as ways of fostering curiosity and resourcefulness are being developed to counteract the dominance of indoor-only play (Mainella et al. 2011) . Citizen science has also been explored as a mechanism by which people can connect experientially with nature so as to foster environmental knowledge, concern, and pro-conservation behaviour (Conrad and Hilchey 2011) .
Beyond the scale of individuals, a growing body of the literature asserts a need for society to reconnect with nature to facilitate societal transformation towards sustainability (Folke et al. 2011; Abson et al. 2017 ). Yet, despite the high stakes, nature reconnection as a treatment for society-scale system change has received scant empirical attention to date. We consider that framing human-nature connections as a treatment for social and environmental problems has great merit in the context of myriad challenges facing contemporary society. Yet, researchers must be clear about the motivation for these studies and the mechanisms by which reconnecting people with nature might address the problem at hand, as well as clarifying the overarching narrative they are speaking to (i.e., disconnection from nature as a cause or a symptom).
While some have argued for a reconnection between people and nature, others have called for society to be decoupled from the environment to ensure planetary sustainability. Two aspects of decoupling are often conceptualised: (i) resource decoupling, which denotes a separation of economic activity from resource use, and (ii) impact decoupling, which conceptualises a separation of economic activity from environmental impacts (UNEP 2011). We consider that disconnections from nature and eco-economic decoupling are related, but distinct terms, and are compatible in different contexts. The typology of nature connections we present can help demonstrate this. Reconnection with nature in a cognitive sense might be necessary for a decoupling of economic growth from environmental impacts. Furthermore, issues of scale are critical, since decoupling of economic activity from natural resources almost always conceptualises human-nature connections at the societal scale. By reconnecting people materially to local ecosystems and reducing global teleconnections, any impacts to the environment will be recognised more easily, thus decoupling human economic activity from degradation elsewhere.
Reconnecting people with nature for sustainability?
The preceding sections sought to bring clarity to the multidimensionality of concepts and perspectives that characterise the literature on human-nature connections. Specifically, we distinguished five types of nature connections and the societal scales at which they operate, and found that the existing literature can be characterised as framing nature connectedness as a cause, consequence, or treatment to a problem. Here, we explore how reconnecting people with nature can act as a treatment for key sustainability challenges by looking at the five types of nature connectedness from social-ecological systems perspective. Social-ecological systems (or coupled human and natural systems) are complex systems, characterised by multiple interactions and feedbacks between human and natural elements (Fischer et al. 2015) . Such a framing is therefore important when addressing sustainability problems, because these problems arise from a complex interplay between environmental and socio-political factors (Fischer et al. 2015) . While social-ecological system thinking has been critiqued for subjective definitions of systems boundaries (e.g., Epstein et al. 2013 ) and under-theorising political and economic dynamics in environmental management (Cote and Nightingale 2012) , the framework outlined below provides a useful heuristic way of organising actions for reconnecting people with nature.
Leverage points
Assuming that "reconnecting" people with nature could be a treatment for the global sustainability crisis, how exactly might an agenda of reconnecting people and nature bring about systemic change? In this section, we draw on the notion of "leverage points" to scrutinise the logic underpinning a possible reconnection agenda. Following Meadows (1999) , leverage points are places within complex systems, where interventions can be directed to bring about change in overall system behaviour.
Leverage points can be shallow or deep according to the type of influence they have on a system. Changes to shallow leverage points are relatively ineffective, whereas even minor changes to deep leverage points can alter overall system behaviour. Shallow leverage points relate to (1) system parameters and (2) feedbacks between variables. In contrast, deep leverage points relate to (3) the system design or architecture and (4) the goals or intents pursued through the system. In a sustainability context, this means that changing certain parameters in a system (e.g., the proportion of protected land) is likely to be a less effective leverage point than changing its design (e.g., the rights of biodiversity to persist) or overarching goal (e.g., respect for rather than exploitation of nature). Here, it is important to note that shallow leverage points, such as increasing the amount of protected land, are crucial. However, our ability to increase this parameter is fundamentally constrained by the design of the system and the goals to which the system is oriented. Therefore, focusing only on shallow interventions is unlikely to bring about major changes in system behaviour .
This framing around deep versus shallow leverage points provides a working hypothesis regarding how different types of "reconnection" may be more or less effective in fostering sustainability (Fig. 2) . Particularly, we propose that connections to nature related to the design or goal implicit in a given system are more likely to have a strong effect on sustainability outcomes than connections related to parameters or feedbacks. It follows that addressing "inner" connections (such as philosophical and cognitive connections) is necessary to bring about sustainability transformation. Strengthened "outer" connections (such as experiential and material connections) can potentially play supporting roles, but, Fig. 2 Hypothesised mechanisms by which interventions for reconnecting people with nature can bring about system change. More externally-defined connections to nature (e.g., material and experiential connections) are more likely to influence system parameters (such as resource stocks and flows), while internally-defined connections (such as philosophical perspectives and emotional responses to nature) are more likely to influence the underlying goals and values embodied in a system. We note that connections to nature may affect system properties in more complex ways than are represented here, and system attributes and different types of interventions are likely to interact by themselves, are unlikely to bring about transformative change. In reality, many interventions relating to strengthened connections to nature need to occur in concert, because they can be expected to interact.
From theory to practice
Numerous practical examples exist for how types of connections between people and nature can be strengthened. Materially reconnecting people to local ecosystems can influence the parameters of a system to enhance sustainability. On a fundamental level, humanity is connected to the biosphere through the consumption of energy, goods, and other resources, but increased consumption of these is not ecologically desirable. Thus, the type of material reconnection that we advocate is a local strengthening of ties to nearby ecosystems to decouple consumption of wealthy, urban populations from impacts elsewhere in the world and increase regional self-sufficiency. Specific interventions could include restaurants serving locally grown produce, urban dwellers growing food in community gardens, or houses being built with locally sourced timber. Shortening food chains in these ways can reduce food miles with resulting benefits for CO 2 emissions (Smith et al. 2005) . Materially reconnecting to local ecosystems can also relate to other nature connections and system attributes. For example, food mile or source country labelling on products can enhance cognitive feedbacks between consumers and production landscapes. Alternatively, growing food for personal consumption can simultaneously promote sustainability, enable experiences of nature, enhance knowledge of natural processes and ecosystem functions, and contribute to emotional attachment to place (Hawkes and Acott 2013) .
Many of the aforementioned material connections are closely tied to direct sustainability outcomes such as reducing carbon emissions and reducing biodiversity loss. However, these parameter changes may depend upon more fundamental systemic change. Wholesale sustainability transformation may require interventions at deep leverage points, since sustainability solutions ultimately hinge upon "value and belief systems, at levels ranging from individuals to societies" (Fischer et al. 2012a) . Interventions that connect people to nature emotionally and philosophically have the greatest potential here. For example, art has the capacity to transcend the cognitive mind and convey meaning through visceral experience, and thus has considerable potential to influence the goals people pursue in life (Thomsen 2015) . There is also increasing recognition of the importance of worldviews for sustainable lifestyles (Hedlund-de Witt et al. 2014) . Here, the role of spirituality and religion in reorienting people towards nature is one under-researched area that has potential to function as a deep leverage point (Hitzhusen and Tucker 2013) . Formal religious faiths contain teachings that promote environmental stewardship and challenge prevailing paradigms of consumption and growth (Gottlieb 2006) and can motivate action for sustainability (The Alliance of Religions and Conservation 2015). Furthermore, their spiritual practices can be powerful in shaping the deep values and beliefs people hold. Contemplative practices, such as mindfulness, even outside of a religious context are indeed powerful levers that have been found to relate to psychological nature connectedness (Howell et al. 2011) and can help promote sustainability (Wamsler et al. 2017) .
Some activities that connect people with nature may simultaneously impact shallow and deep leverage points. A good example of this is community gardening. Research has shown that in addition to growing food (materially connecting to nature), allotment gardening can promote environmental learning (Bendt et al. 2013) , offer therapeutic benefits (Pitt 2014) , and build social cohesion and resilience (Firth et al. 2011) . Similarly, nature-based education such as forest kindergartens (Waldkindergarten), popular in Germany, Sweden, and Denmark, may help Children develop deep empathy for nature in addition to developmental benefits (Kane and Kane 2011) . Furthermore, interactions among forms of nature connectedness-as evident in allotment gardening or outdoor education-can offer potentially stronger leverage potential. For example, one recent study demonstrated relationships among exposure to urban nature, tree planting behaviour, and psychological connectedness to nature (Whitburn et al. 2018 ). Many of these initiatives are likely to be particularly powerful in urban contexts, where populations are often disconnected from experiences of nature (Miller 2005; Soga and Gaston 2016) . Relating research and practice on urban greening concepts such as green infrastructure (Andersson et al. 2014) , biophilic cities (Beatley 2011) , and nature-based solutions (Lafortezza et al. 2017 ) to scholarship on sustainability transformations is, therefore, an important area for future attention in sustainability science.
Structural change may often be necessary to enable interventions for connecting people with nature to be implemented or benefits realised. For example, educational policy may need revising to allow school students' greater interaction with nature as part of curricula, planning law may need reform to increase biological diversity within cities, and transport networks may need modification to enable people to access natural areas easily. Thus, reconnecting people with nature may both effect and depend upon deep structural change.
How interventions at deep leverage points can be scaled up is a question that sustainability scientists should actively pursue. For example, which "shallow leverage points" must be addressed in tandem for interventions at "deep leverage points" to achieve their full potential? Similarly, it is important to consider which kinds of shifts are appropriate and necessary in different social, economic, and environmental contexts. Arguably, application of the leverage point framework coupled with the typology of human-nature connections could be an effective heuristic for directing research along these lines.
Conclusion
It is evident that reconnecting people with nature can play a useful role in addressing many of today's ecological and sustainability challenges. To meaningfully progress a "reconnection agenda", tangible actions must be directed towards specific changes, whether in health, education, or conservation. To this end, specifying particular types of nature connections to be enhanced is a key first step. A second step is to couch these within the literature of demonstrated causes and consequences of nature connections and a plausible theory of change (such as the concept of leverage points for sustainability transformation). Building on this theoretical foundation will enable research to move past vague speculation about the need to reconnect people with nature, and instead build an evidence base that can support research and practice.
